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Abstract 
 
Solar Storms are a well-known disruptor of the upper atmosphere.  Radio 
communication as well as the safety of space travelers and equipment is at the mercy of 
these storms. Despite this, little work has been done in showing what these storms due 
to lower levels in the atmosphere.  In this paper I look at strong solar storms and see 
how they affect the ozone concentration at 50mb, 20mb, and 10mb levels.  Using daily 
ozone data and satellite instrumentation for solar events, I looked at how ozone changes 
during and after these events.  I found that solar flares have the largest impact with 
concentration changes as high as 80%.  Solar wind events seemed to only have modest 
impacts followed by coronal mass ejections which appear to have little impact at all.   
 
 
Introduction 
 
  Space weather and solar storms are some of the youngest topics when it comes to geophysics, 
atmospheric science and the dynamics of the local cosmos.  It is also the string that ties all of these 
different disciplines together.  Although the known existence of sunspots has been around for centuries, 
research is just getting under way to see exactly what role they play in the local cosmos and here in the 
Earth's region of space.  The upper atmosphere has been the focus of the majority of research 
concerning the Earth and little work has been done to show what effects strong solar storms can have 
on lower layers of the atmosphere.  Understanding that energetic charged particles are able to get into 
the stratosphere through both direct penetration and transport, there is reason to believe that the 
chemistry of the stratosphere should change during these events.  When dealing with chemistry in the 
stratosphere, the primary molecule to look at is ozone.  Ozone is both reactive and frequently measured 
which allows for easier data access.  In addition, it also plays the primary role in creating the thermal 
structure in the stratosphere.  If large fluctuations in ozone concentrations are found, the temperature of 3 
 
the stratosphere should also change.  This has the potential to have profound impacts on both 
troposphere weather systems in both the synoptic scale and the mesoscale.   
 The magnetic field plays a crucial role in determining the fate of the charged particles once 
they leave the Sun (Schrijver and Siscoe, 2010).  Lower energy particles are often deflected away from 
the Earth’s atmosphere as these particles follow magnetic field lines around the Earth.  However, high 
energy particles such as protons and electrons can often penetrate into deeper layers and disrupt both 
the chemistry and the dynamics of these levels.  Because of the strength of the Earth’s magnetic field, 
these particles are often concentrated at the poles as they are still forced to follow field lines.  Therefore  
the greatest change in chemistry in the stratosphere should exist at the Polar Regions.  There are also 
situations where the direction of the interplanetary magnetic field is directed opposite of the incoming 
particles.  This causes a ‘hole’ in the magnetic field that allows charged particles to reach much further 
than they normally would have.  The preliminary direction to look for during these events is a 
southward directed magnetic field. (Eddy, 2009)   
Photons on the other hand have the ability to ignore the magnetic fields all together and 
therefore are not a function of latitude.  Solar storms emit radiation in all wavelengths of the 
electromagnetic field; however, solar flares in particular are concentrated in the x-ray and EUV 
(extreme ultraviolet) portions (Tandberg-Hanssen and Emslie, 1988).  Also, CMEs and the solar wind 
have collision processes that also emit photons in wavelengths that could disturb the existing chemistry 
and dynamics.  If photons do have a significant impact on stratospheric ozone chemistry, then we 
should find that the equatorial regions show the same fluctuations as the Polar Regions.   
  
Solar Storms 
 
  The next step in this process is to define what it is meant by a solar storm.  There are several 
definitions of solar storms but all mention a significant release of energy from the surface of the sun 
and its subsequent ejection into local space (Eddy, 2009).  This study concerns three large-scale events: 4 
 
solar flares, coronal mass ejections, and high speed/ high density solar wind events. These events are 
defined as follows: 
 
Solar Flares 
  
  Solar flares are the event most associated with sunspots and the 11 year cycle of the Sun.  The 
frequency of solar flares as well as the intensity is highly dependent of the location the Sun in its 
current cycle.  The 11 year solar cycle is a 'flipping' of the poles of the magnetic field within the Sun.  
This causes a buildup of twisted magnetic field lines on the Sun's surface which can produce large 
eruptions due to magnetic reconnection.  Magnetic field lines are normally repelled by one another but 
when the field lines become concentrated enough they can 'connect' with neighboring magnetic field 
lines.  When these lines touch it releases an immense amount of energy that excites particles that are 
currently located in the twisted field lines.  This eruption also sends out photons in all parts of the 
spectrum but heavily concentrated in both hard and soft x-rays, EUV (extreme ultra-violet), and some 
in ultraviolet wavelengths. (Tandberg-Hanssen and Emslie, 1988) 
 
Coronal Mass Ejections (CMEs)   
 
  Coronal mass ejections (CMEs) are explosions of matter coming from the overlaying region of 
the solar corona.  They differ in solar flares from exactly what is ejected.  Solar flares eject local 
material due to the enormous amounts of magnetic energy that is released.  Therefore photons, local 
protons and electrons are often caught up in this process.  CMEs are direct ejections of matter mainly 
made up of protons, heavier ions, and electrons that 'cloud' up once they are released from the surface 
of the Sun.  CMEs often accompany solar flares (Tandberg-Hanssen and Emslie, 1988).  It is quite 
common for a strong solar flare to erupt and one or even several CMEs to be ejected shortly after.  This 
relationship has been difficult to define but most experienced space weather forecasters are well aware 
of this behavior.  These CMEs are also statistically much faster (300km/s – 1200 km/s) than CMEs that 5 
 
are released due to solar prominences (200km/s – 600 km/s) (Tandberg-Hanssen and Emslie, 1988).  
The energy of CMEs can be enormous due the immense amounts of mass associated with them.  The 
use of basic physics equations and analysis of a typical CME shows: 
 
    Velocity = 800 km/sec  
 
Mass = 4 * 10
12kg    
 
Kinetic Energy = ½ mv
2 = 1.28 * 10
24 Joules 
 
This number is seven orders of magnitude higher than the largest nuclear weapon ever tested.  These 
high energy protons and ions are not easily stopped by basic materials.  CME clouds also have a group 
magnetic orientation (Schrijver and Siscoe, 2010).  This physical property becomes very important 
when dealing with the lower atmospheric effects due to these ejections.  Depending on the 
interplanetary magnetic field, these particles could travel to much lower altitudes and latitudes.  This 
idea will be discussed later in more detail.   
 
Solar Wind Events 
 
  The solar wind is a constant stream of particles which are made up mostly of protons and 
neutrons expanding out from the sun in all directions.  Depending on the current solar activity at the 
surface, the speed and particle density is non-homogeneous.  Low solar activity can actually increase 
the speed and often the proton density excreted from the surface.  For the purpose of this research, a 
solar wind event occurs when the solar wind proton density reaches or exceeds 20 protons/cm
3 for 
several hours or a sudden increase of speed occurs without the presence of a CME.  Strong solar wind 
events occur generally due to corona holes.  Coronal holes are the opposite of sun spots.  They are the 
lack of solar activity that causes an uninterrupted stream of solar wind.  The effects of the protons are 
similar to that of CMEs with less energy.  Depending on the orientation of the interplanetary magnetic 
field, this could allow particles to reach lower levels of the atmosphere much like protons from CME 6 
 
clouds.  Also, a high density solar wind can last up to several days which would allow the 
bombardment of protons to occur for a longer period of time than that of a CME. (Eddy, 2009) 
 
Ozone Chemistry 
 
  Depending on the energy levels of these particles, their effects can vary.  High energy protons 
tend to enhance ionization in the ionosphere and also carry dangers to space vehicles as well as space 
travelers (Tandberg-Hanssen and Emslie, 1988).  If energy levels are high enough and the protons are 
able to penetrate deep enough into the atmosphere, they can change the local chemistry (Pesnell et. al, 
2000).  The energy levels of these protons would be high enough to ionize any neutral molecule that it 
comes in contact with.  Also, the density of neutral molecules decreases with height; therefore, as these 
protons enter deeper parts of the atmosphere their likelihood of colliding with a neutral molecule also 
increases substantially.  This is why we do not see high energy protons at the surface of the Earth 
despite their sometimes enormous energies.  The chemistry that affects ozone is layered into levels of 
the stratosphere.  Observations have shown that NOx cycles tend to dictate ozone destruction in the 
lower stratosphere.  In the middle stratosphere, ozone destruction depends more on the existence of Cl, 
while in the upper stratosphere ozone is moderated by H and OH.  The simplified reactions that 
instigate this are below: 
 
    N O   +   O 3     NO2 + O2 
 
    N O 2 + O     NO + O2 
   -------------------------------------------- 
    O   +   O 3        O2 + O2  
 
 
    C l   +   O 3      ClO + O2 
 
    ClO  +  O      CL + O2 
   ------------------------------------------- 
    O 3 + O       O2 + O2 
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    O 3 + OH
-    O2 + H2O  
     
        H 20           O2- + H
+ 
  
    O 3 + O2
-      O3
- + 02 
     
    O 3- + H
+      HO3 
   ------------------------------------------ 
    2 O 3 + OH
-  2O2 + HO3 
 
Energetic protons do have the ability to make it into the middle levels of the stratosphere.  Once 
there, they can destroy ozone by enhancing the amount of NOx which is a known ozone destroyer 
(Hobbs, 2000).  When NOx is introduced into the middle stratosphere it has two methods of reacting 
with ozone.  It interacts with ClO to free more chlorine atoms that can further destroy ozone: 
 
   ClO  +  NO    Cl + NO2 
 
These reactions are the dominating reactions that exist for the destruction of ozone.  Energetic protons 
that can penetrate into the stratosphere are able to initiate these reactions.  However, in the lower 
stratosphere where NOx cycles are the highest influence, transport does play the most important role in 
concentration changes of ozone. (Hobbs, 2000) 
  Electrons are also ejected from solar flares and CMEs with typically much higher velocities 
than protons due to their much smaller masses.  This allows electrons to reach the Earth's outer most 
atmosphere in just a few hours depending on the intensity of the flare.  Electrons do not possess enough 
energy to penetrate as deep into the atmosphere as protons.  However, energetic electron precipitation 
(EEP) events do have the ability to fluctuate chemistry in lower parts of the mesosphere as well as the 
upper stratosphere (Pesnell et. al, 2000).   This can cause concentration changes in the ozone 
throughout the entire stratosphere because it allows more UV radiation to make it further into the 
stratosphere.  In addition, as shown above, chemistry in one layer of the atmosphere can affect other 
layers and therefore EEP events should influence the destruction or creation of ozone.   
  Photons are the last of the primary influences on ozone concentrations.  Ultraviolet radiation 8 
 
contains wavelengths from extreme ultraviolet at 10nm to near ultraviolet at 400nm.  There are three 
different classifications of UV radiation: UVA (320-400nm), UVB (280 – 320nm), UVC (200 – 
280nm).  Ozone absorbs the UVB and UVC ranges almost completely.  The basic photon equations for 
ozone are as follows: 
    O 3 + hν     O2 + O 
 
           O + O3      O2 + O2 
   ------------------------------------------- 
    2 O 3           3O2 
 
     
    O 2 + hν    O + O 
    
          O2 + O + M     O3 + M 
   --------------------------------------------- 
 
     
Photons also have the feature of creating ozone as well.  During solar events this creates excess UV 
radiation in wavelengths that influence ozone and therefore brief increases of ozone shortly after the 
event beings are possible.  This is because photons will always be the first particles to arrive in the 
Earth’s atmosphere.  Another thing to note is that although photons are not affected by magnetic fields 
and therefore are free to travel indiscriminately at any latitude, the time of day as well as the day of the 
year does play a factor.   Therefore we should expect increases or decreases of ozone to vary depending 
on the time of year and the relative location of the sun. 
  
Literary Review 
 
Research dealing with this type of phenomenon has generally been limited to upper portions of 
the atmosphere.  Since the flux of energetic particles tend to most vibrantly affect the magnetosphere 
and ionosphere, limited work has been done in the stratosphere.  Literature does exist on the effects of 
solar storms in different levels of the atmosphere.  Eddy (2009) explains how the interplanetary 
magnetic field makes a large difference with how far charged particles can penetrate in the atmosphere.  9 
 
He explains that the direction can influence both the depth of penetration as well as the latitude (Eddy, 
2009). 
  Some research has been done looking at how solar proton and electron events affect chemistry 
in the upper stratosphere and lower mesosphere.  Physically, it is clear that if solar protons are able to 
get into the stratosphere, they should increase the amount of NOx present.  Being a well-known ozone 
destroyer, NOx levels should be triggered during a solar event causing increased numbers of energetic 
protons into the stratosphere.  Electrons on the other hand tend to lose their energy in higher altitudes 
and therefore may not have an effect on stratospheric ozone.  Pesnell et al, look at relativistic electron 
events and how these particles can affect local chemistry to influence ozone concentrations.  Their 
hypothesis was that electrons should increase ionization at the 60km level, and models they used 
predicted that this should decrease ozone concentrations.  According to their results, despite the models 
showing ozone decreases as much as 20%, observation results showed no significant changes in 
concentration.  This shows that if lower and middle stratospheric ozone is affected by solar storms, the 
culprit should be energetic protons and/or photons instead of electrons.  The EEP event looked at by the 
authors also ignore whether this electron event was caused by a solar storm. (Pesnell et. al, 2000)  
  Jucks and Salawitch (2000) look at future changes of upper stratospheric ozone due to transport 
and chemistry.  They make mention of the importance of transport on ozone below the 25km level.  
This is due to the relatively long life times of ozone such that planetary waves and gravity waves tend 
to be the drivers in chemical changes at these levels (Jucks and Salawitch 2000).  This could play a 
significant role for the 50mb level data if in fact transport is the primary cause of changes.  Due to 
complexities, transport mechanisms were ignored in this analysis.  
 
Methods 
 
This paper focuses on three types of solar storms: coronal mass ejections, solar flares, and solar 
wind events.  Each event did require separate data collecting.  For solar flares, NOAA’s GOES satellite 10 
 
which measures x-ray flux was used.  Using this method, the satellite is able to infer how intense the 
solar flare is and classifies them in four categories: X flares, M flares, C flares, and B flares.  These 
categories increase logarithmically with X-flares being the strongest flux.  Solar flares emit strongly in 
both the hard and soft x-ray wavelengths, and therefore the GOES satellite measures the x-ray flux to 
determine the intensity of the flare.  For these data sets, three specific events were investigated that 
occurred over the last solar maximum.  Rather than focusing on one X-flare, events were chosen based 
on several X-flares and M-flares occurring in close proximity.  This happens frequently when a large 
sunspot or several sunspots are facing Earth.  Therefore, it seemed appropriate to view ozone data 
during these periods to get a better account of how multiple solar flares affect ozone rather than a single 
flare.  The three events were chosen based on the frequency and strength of the events occurring.  
Tables 1a, 2a, and 3a show the date of the flare, the peak time, the intensity of the flare, and the 
direction and strength of the interplanetary magnetic field.   
For CMEs the SOHO satellite which measures hourly proton density and solar wind velocity 
was used.  CMEs have a distinguishable signature when they arrive at the SOHO satellite.  The solar 
wind currently being monitored shows a sharp increase in both solar wind velocity as well as proton 
density.  This is due to the CME cloud that explodes off the Sun which generally travels at speeds 
greater than the solar wind.  As the CME cloud collides with the solar wind, it creates a shockwave that 
rapidly increases the solar wind speed, as well as proton density.  In order to be sure the event was truly 
a CME event, the date and time of the event was confirmed with NOAA’s Space Weather Prediction 
Center.  The SOHO satellite is located at an average distance of 1.5 million kilometers from Earth,  
which allows the satellite to never be eclipsed by the Earth or the Moon, yet it is close enough to use 
the data for this analysis.  Understanding that this is 99% of the distance from the Sun to the Earth, an 
assumption is made that the speeds and densities stay approximately the same as they enter the Earth’s 
upper atmosphere.  CMEs are likely the strongest of the three solar storms and therefore four events 11 
 
were analyzed.  Because CMEs do not have an intensity classification, events that showed the largest 
velocity increases as well as large proton densities given the four year period were investigated.  The 
CMEs studied are summarized in tables 4a, 5a, 6a, and 7a.  These tables show the date, time, velocity 
of the cloud, and the proton density.  Imbedded in each table is the signature is the spike in both solar 
wind velocity as well as proton density.  
Solar wind events are harder to define, since they are not true ‘solar storms’.  The thresholds 
chosen were similar to that of a CME event.  Strong solar wind velocities as well as rapid increases in 
proton density were looked for.  The easiest way using this data to distinguish a solar wind event from a 
CME is to look for velocities that are steady.  In the presence of a large corona hole, it is common to 
see high density and high velocity solar winds without any strong magnetic activity promoting flares or 
CMEs.  Tables 8, 9 and 10 summarize the solar wind event data.  The major difference to notice is the 
lack of rapid increase in either cloud velocity or proton density 
To get an accurate account of how ozone is changing in the lower and middle stratosphere four 
different locations during the events.  The locations were based on latitude to attempt to get an overall 
picture of where ozone would change.  In order to get daily data of ozone concentrations at select levels 
of the atmosphere NOAA’s Solar Backscatter Ultraviolet (SBUV) instrument was used.  This is a 
remote sensing instrument that has been on several satellites including NOAA 9, 11, and 16 as well as 
Nimbus 7.  The years that are being analyzed in this study are 2001 – 2003.  For this time period the 
instrumentation being used was attached to the NOAA 16, which measures ozone using 12 wavelengths 
in the UV spectrum.  As ozone is produced or destroyed it releases photons in these wavelengths and 
therefore can be measured.  The important part about using the SBUV is its ability to measure several 
layers of the atmosphere.  The levels measured for this study are 50mb, 20mb, and 10mb.  The reason 
for not using ground based instrumentation is it seldom exists in daily measurements.  Because the 
main purpose of this study is to look at immediate changes due to solar storms, daily ozone 12 
 
concentration data was of utmost importance.  Therefore the use of ozonesondes was not applicable.   
The SBUV instrument is aboard a polar orbiting satellite and it makes several passes around the 
Earth every day.  It records ozone data at 15 different levels beginning at .5mb down to 50mb every 32 
seconds.  Because of the velocity of the satellite as well as its orbit, this study used a 10
o X 10
o grid 
spacing for both the Galapagos Islands and Boulder and increased the spacing to 10
o X 20
o at the two 
polar locations.  Even with such large grid spacing there were still days that the satellite didn’t pass 
over the area of interest.  This did cause some lapses in the data, however I did not want to expand the 
grid spacing any larger.  The locations that were used are summarized in a table below: 
 
Latitude Range  Longitude Range 
Galapagos Islands  5
oN, 5
oS  40
oW, 30
oE 
Boulder  45
oN, 35
oN  110
oW, 100
oW 
Arctic Circle  75
oN, 65
oN  10
oW, 10
oE 
Antarctic Circle  65
oS, 75
oS  10
oW, 10
oE 
 
 
Data was taken at similar times each day to avoid skewed results due to daily ozone fluctuations.  The 
maximum time range I used was 10,000 seconds.  This approximates to less than 3 hours.  More typical 
time ranges however were within the same hour each day.  If there were more than one reading in a 
given area then the mean was taken of the recorded values.  This was also quite common given that the 
SBUV records data every 32 seconds so when it was over the chosen grid points, it often recorded 
several values.  The ozone data itself was recorded in p.p.m.v (parts per million volume).   
    Once the ozone data was collected, it was paired up with the chosen solar events.  Using the 
events chosen, ozone data from 5 days prior to the event, the day(s) of the event, and then 5 days after 
the event were recorded.  This was done in order to get a better background concentration before and 
after the events occurred.  Scatter plots were then used to see how the ozone varied during the events. 
Ozone concentration averages were  also recorded during the five days before the event, the day(s) of 13 
 
the events, as well as the five days after the event in an attempt to combat any noise the existed within 
the data since ozone concentrations naturally varies significantly.  In addition, the amount of data, the 
number of events, and the different locations made statistical analysis much too encumbering. However 
weekly data taken from ozonesondes located within the grid points used.  They were split into months 
and a mean and standard deviation for each month and location was found.  This data cannot be used 
for statistical analysis on the daily data set as they are two different instruments.  However, this does 
provide a qualitative look of how much ozone should vary in any given month at these locations.  This 
was important since ozone variations occur all the time and this gave a method of seeing how much 
variation should be seen.   
 
Results 
 
  The results are split up into the three categories that represent the three events that were looked 
at.  The tables and charts summarize the major aspects of the events and will be referenced.  
 
Solar Flares 
 
  The first flare examined occurred on November 24
th 2001 and doesn’t show any significant 
variation in ozone in any location.  The data source used did not offer any available interplanetary 
magnetic field direction either if this could have possibly been an influence.  This particular flare event 
was the weakest that was looked at.   This likely played a large part in the limited activity seen in the 
stratosphere.   
The second flare during late March through early April in 2001 was a much larger flare event.  
Table 2a shows the strengths of the 24 M-flares and the 5 X-flares including an enormous X-200 flare 
that erupted April 2
nd.  This particular event was strung out over seven days and therefore one would 
expect any major variation in ozone to occur during the event as well as after.  Looking at the data 
shows that the ozone varied in all locations expect the Galapagos Islands during and after the event.  14 
 
The Article Circle showed a brief increase in ozone at the 10mb level that likely was influenced by 
increased UV intensities during the solar flares.  The same is likely for the Boulder area.  Both the 
10mb and 20mb levels showed sudden increases in ozone concentrations and then decreased back to 
normal levels.  The ozone levels near the South Pole have interesting trends; however the largest ozone 
variations occur during the spring months in the southern hemisphere.  During the March and April 
period, this latitude should have a somewhat more stationary ozone concentration level.  Table 2a and 
2b as well as figure 2d show a rather erratic variation of ozone.  It follows a similar trend as the rest as 
a sudden increase at all levels once the event occurred with a sudden drop off occurring four days into 
the event.  The ozone then levels off once the event ends on April 3
rd.   Looking at the differences 
before and after the event shows decreases at all levels which were as high as 24% at 20mb.  This is a 
fairly remarkable drop during this time of year.  One thing to make note of on the chart is the wave that 
occurred prior to the event’s occurrence.  A CME struck the Earth’s magnetosphere just nine days prior 
to this event and therefore may be a contributing factor in the ozone oscillation prior to the start of this 
event. 
  The last of the solar flare events is also the largest of the three, as summarized in table 3a.  28 
M-flares and 10 X-flares, including the largest flare ever recorded are included.  Unfortunately this 
flare occurred when one of the most active sunspots on record was already on the eastern limb of the 
Sun, so it is unlikely that this flare made a large influence in the data.  The interplanetary magnetic field 
shows quite a back and forth oscillation.  When the event started it was strongly pointing north but in 
the middle of the event time it points strongly south.  This should help to influence the ability of 
particles making it deeper in the atmosphere.  Table 3b shows an enormous increase in ozone 
concentration at the 10mb level as well as formidable increases at the 20mb level around the Arctic 
circle.  The Antarctic Circle also shows a very large increase in ozone at all levels including an increase 
of over 150% at the 50mb level.  The difficulty of taking this data into account is that the South Pole 15 
 
generally recovers from their annual ozone deficit approximately during this time period and therefore 
it’s difficult to credit the solar flare for this change.  Regardless, the Arctic Circle shouldn’t see this 
type of increase during these months.  The 50mb level shows a decrease in ozone which should be 
expected at this level due to less light being received as the Arctic approaches its period of complete 
darkness.  Once again we see little changes over the Galapagos Islands and the upper levels of Boulder.  
There is a noticeable decrease at the 50mb level over Boulder, however, with transport being such a 
large factor at this level it’s hard to credit the solar flare.   
 
CMEs 
 
  The first CME studied was on Mar 30
th 2001.  Looking at both of the figures associated with 
this CME as well as table 4b, there isn’t a lot of ozone variation.  Prior to the event we see increases at 
the higher levels above both Boulder and the Antarctic Circle.  Since the particular CME was 
associated with a solar flare, it could be the sudden increase in UV radiation that prompted the increase 
however strangely we don’t see the increase anywhere else.  Once the event starts however, no real 
variation is shown. 
  The rest of the CME events show little to no real variation in ozone.  For the November 24
th 
event, table 6b shows a noticeable increase in ozone over the Arctic, with above 20% at its highest two 
levels.  However, there is limited data to go with this because the satellite didn’t pass over the grid 
point areas enough prior to the event.  The same CME shows an increase in Antarctic ozone however 
due to the time period during the year it is difficult to distinguish whether this was truly a solar event or 
the natural ozone cycle that occurs there.  This was surprising considering CMEs were hypothesized to 
have the largest influence.  Looking at the figures for the CME events, it is clear that there are many 
gaps.  Another study using better ozone data could certainly show a better conclusion on whether or not 
these events cause a stratospheric response. 
 16 
 
Solar Wind 
 
  The first solar wind event was May 21
st 2001 and it was a 38 hour event according to the 
definition assumed for the purpose of this research.  The table shows a slight decrease in ozone at the 
two highest levels for each location except the Galapagos Islands.  The Arctic, for example, showed a 
decrease of almost 4% at the 10mb level and the Antarctic showed a 6.5% decrease at 10mb.  Above 
Boulder also showed a decrease of 2.5%.  
 July  29
th yielded somewhat stronger results.  At both the 10mb and 20mb levels at the Arctic 
Circle ozone concentrations increased two days after the start of the event.  The Antarctic also showed 
an increase at all three levels as well as some oscillations afterward at the 10mb and 20mb levels.    
  The last solar wind event that was analyzed was during late September 2002.  This was the first 
solar wind event that occurred showing somewhat significant ozone variation.  The Arctic showed 
significant increases at the 10mb and 20mb levels.  The Antarctic showed significant decreases as well 
however, once again due to the time period it’s hard to take these results as reactions to the solar 
phenomenon.  Examining the magnetic field, it shows a strong northward component through the 
beginning of the event and then turning southward for the rest.  This could have contributed to the 
results shown in the Arctic, however due to the lack of data during the first two days of the event it’s 
hard to say whether the field direction played a role.  Overall, the solar wind events appeared to have 
more of an impact than envisioned prior to looking at the data. 
 
Conclusions 
 
  Solar flares seem to produce the best data when it comes to ozone fluctuation.  There seems to 
be some evidence that after the event begins, the ozone initially rises which is likely due to an 
increased amount of photons in the UV wavelength being released by the flaring region.  This shows up 
in all of the data except the Galapagos Islands, which is somewhat of an anomaly.  This may indicate 17 
 
that photons might not be the total answer and some other sort of mechanism is at work.  A few days 
into the event there seems to be a sudden drop off at the Polar Regions.  One reason why this could be 
the case is because of something that was mentioned briefly in the introduction.  CMEs often 
accompany solar flares and therefore could be the instigating mechanism causing the sudden drop in 
ozone due to the increased amount of protons in the atmosphere.  Another possibility is due the EEP 
events that were mentioned previously as well.  Unfortunately, the data doesn’t seem to be conclusive 
with only a case study of three solar flares, with one event only lasting less than 24 hours. In order to 
get a better handle on exactly what is happening to the ozone due to solar flares, a larger study needs to 
be done with better and more thorough ozone data. 
  CMEs seemed to produce little to no results.  This was surprising considering the large amounts 
of energy and particles released during a CME.  However CMEs tend to be very short lived and only 
last a few hours to a day or two at most.  Solar flares on the other hand can have events that last a week 
or longer.  In addition, solar flares release CMEs of their own which likely help influence the affects 
that solar flares have on ozone.  Therefore, isolating one CME probably limits its impact of what 
influence it could have.  Another thing to mention is that the strength of the CME itself.  Shortly before 
the completion of the data analysis on the CMEs chosen, a database that examined all properties of 
CMEs released by the Sun was found.  This could help considerably in future research picking out 
favorable CMEs that impacted the Earth.   
  The solar wind events did seem to have a moderate impact on ozone concentrations at the 10 
and 20mb levels.  This was  correlated somewhat with the direction of the interplanetary magnetic 
field.  Protons that are associated even with high speed solar winds do not have the same energy levels 
that CMEs have, but solar wind events extend for a much longer period of time.  
The lack of continuous daily ozone data at the same locations made it very challenging to have 
solid results for all the events.  Out of the three events, all have gaps in the data even with a 10
o X 10
o 18 
 
grid point box.  For future research a better source for ozone data should be chosen.  Another possible 
option is to look at larger areas for the grid points.  However in order to see possible troposphere 
effects of these ozone changes, at least on a synoptic scale, this size of the grid box shouldn’t get much 
larger.  
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November 24
th Solar Flare Event 
 (Figure 1a, 1b) 
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November 24
th Solar Flare Event 
(Figure 1c, 1d) 
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March 29
th Solar Flare Event 
(Figure 2a, 2b) 
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March 29
th Solar Flare Event 
(Figure 2c, 2d) 
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October 22
nd Solar Flare Event 
(Figure 3a, 3b) 
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October 22
nd Solar Flare Event 
(Figure 3c, 3d) 
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March 30
th CME Event 
(Figure 4a, 4b) 
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March 30
th CME Event 
(Figure 4c, 4d) 
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November 5
th CME Event 
(Figure 5a, 5b) 
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November 5
th CME Event 
(Figure 5c, 5d) 
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November 24
th CME Event 
(Figure 6a, 6b) 
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November 24
th CME Event 
(Figure 6c, 6d) 
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May 29
th CME Event 
(Figure 7a, 7b) 
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May 29
th CME Event 
(Figure 7c, 7d) 
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May 21
st Solar Wind Event 
(Figure 8a, 8b) 
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May 21
st Solar Wind Event 
(Figure 8c, 8d) 
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July 29
th Solar Wind Event 
(Figure 9a, 9b) 
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July 29
th Solar Wind Event 
(Figure 9c, 9d) 
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September 29
th Solar Wind Event 
(Figure 10a, 10b) 
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September 29
th Solar Wind Event 
(Figure 10c, 10d) 
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Solar Flare Events 
 
Table 1a, 1b 
 
Flare 1   
Date  Peak Time (UTC) Flare Strength
Interplanetary Mag‐
netic Field 
Nov 24th 2000  455 X‐20 No data 
736 C‐42
1134 C‐24
1315 C‐26
1451 X‐23
2113 C‐24
2143 X‐18
Nov 25th 2000  59 M‐82 No data 
906 M‐35
 
 
 
G. Islands 
50mb 20mb  10mb 
Average (before)  1.22 6.73  9.65 
Day of Event  1.19 6.67  9.75 
Average (after)  1.18 6.66  9.67 
Difference %  -3.278688525 -1.040118871 0.207253886 
Boulder 
50mb 20mb  10mb 
Average (before)  2.45 5.54  6.38 
Day of Event  2.75 5.89  6.32 
Average (after)  2.46 5.65  6.27 
Difference %  0.408163265 1.985559567  -1.724137931 
Arctic Circle 
50mb 20mb  10mb 
Average (before)  3.13 5.89  6.99 
Day of Event  3.17 5.89  6.72 
Average (after)  3.32 5.98  6.39 
Difference %  6.07028754 1.528013582  -8.583690987 
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Antarctic Circle 
50mb 20mb  10mb 
Average (before)  3.19 4.94  5.24 
Day of Event  3.16 4.92  5.14 
Average (after)  3.03 4.47  5.08 
Difference %  -5.015673981 -9.51417004  -3.053435115 
 
 
Table 2a, 2b  
(Doesn’t include C-Flares) 
 
Flare 2   
Date  Peak Time (UTC) Flare Strength
Interplanetary Mag‐
netic Field 
Mar 28
th 2001  1240 M‐43 3.6nT  South 
1909 M‐15
2247 M‐16
2330 M‐22
Mar29th 2001  256 M‐21 .9nT  South 
1015 X‐17
1135 M‐21
1418 M‐16
1434 M‐13
1458 M‐15
1525 M‐12
2102 M‐12
Mar 30
th 2001  515 M‐22 4.7nT  South 
928 M‐10
Mar 31
st 2001  1112 M‐21 1.2nT  North 
Apr 1
st 2001  1217 M‐55 1.7nT  South 
1949 M‐40
2301 M‐12
Apr 2
nd 2001  3 M‐10 2.3nT  North 
28 M‐32
528 M‐10
952 M‐19
1014 X‐14
1136 X‐11
1850 M‐24
2151 X‐200
Apr 3
rd 2001  357 X‐12 2.8nT  South 
1234 M‐24
 41 
 
 
 
G. Islands 
50mb 20mb 10mb 
Average (before)  1.25 6.97  10.19 
Days of Event  1.27 7.02  10.03 
Average (after)  1.28 7.18  9.98 
Difference %  2.4 3.012912482  -2.060843965 
Boulder 
50mb 20mb 10mb 
Average (before)  2.45 5.16  8.36 
Days of Event  2.39 5.72  8.54 
Average (after)  2.2 5.61  8.79 
Difference %  -10.20408163 8.720930233 5.14354067 
Arctic Circle 
50mb 20mb 10mb 
Average (before)  4 4.96  5.79 
Days of Event  3.93 5.17  6.67 
 Average (after)  3.82 4.72  5.96 
Difference %  -4.5 -4.838709677  2.936096718 
Antarctic Circle 
50mb 20mb 10mb 
Average (before)  2.72 3.69  4.36 
Days of Event  2.81 3.98  4.54 
Average (after)  2.42 2.8  3.46 
Difference %  -11.02941176 -24.11924119  -20.64220183 
 
 
Table 3a, 3b 
(Doesn’t include C-flares) 
 
Flare 3   
Date  Peak Time (UTC) Flare Strength
Interplanetary Mag‐
netic Field 
Oct 22nd 2003  844 M‐37 9.2nT  North 
956 M‐17
1511 M‐14
1601 M‐12
2007 M‐99
2204 M‐21
Oct 23rd 2003  241 M‐24 5.9nT  North 
708 M‐3242 
 
835 X‐54
1053 M‐27
2004 X‐11
Oct 24th 2003  254 M‐76 22.3nT  North 
510 M‐42
Oct 26th 2003  654 X‐12 1.7nT  South 
1420 M‐10
1819 X‐12
2140 M‐76
Oct 27th 2003  439 M‐12 4.2nT  North 
833 M‐27
927 M‐50
1243 M‐67
Oct 28th 2003  1110 X‐172 1.7nT  South 
Oct 29th 2003  151 M‐11 20.3nT  South 
511 M‐35
2049 X‐100
Oct 30th 2003  207 M‐16 21.1nT  South 
Nov 1st 2003  1751 M‐11 .6nT  North 
2238 M‐32
Nov 2nd 2003  753 M‐10 .2nT  North 
1247 M‐18
1725 X‐83
Nov 3rd 2003  130 X‐27 4.4nT  North 
955 X‐39
1532 M‐39
Nov 4th 2003  556 M‐26 5.2nT  North 
1022 M‐30
1349 M‐11
1950 X‐280
 
 
 
G. Islands 
50mb 20mb 10mb 
Average (before)  1.25 6.89 10.4 
Day of Event  1.26 6.91  10.31 
Average (after)  1.21 6.94  10.46 
Difference %  -3.2 0.725689405 0.576923077 
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Boulder 
50mb 20mb 10mb 
Average (before)  1.77 5.66 7.98 
Day of Event  1.75 4.61 6.02 
Average (after)  2.26 5.7  7.24 
Difference %  27.68361582 0.706713781  -9.273182957 
Arctic Circle 
50mb 20mb 10mb 
Average (before)  2.43 3.41 2.88 
Day of Event  2.49 4.33  4.4 
Average (after)  2.29 4.45 5.21 
Difference %  -5.761316872 30.49853372 80.90277778 
Antarctic Circle 
50mb 20mb 10mb 
Average (before)  0.62 2.55 5.03 
Day of Event  1.87 4.1  6 
Average (after)  1.56 4.45  5.8 
Difference %  151.6129032 74.50980392 15.30815109 
 
 
 
 
CME Events 
 
Table 4a, 4b 
 
CME 1   
Date  Time  Velocity (km/s)
Proton Density 
(#/cm^3)
Interplanetary 
Magnetic Field 
Mar 30th 2001  20:00  413 12.4  4.7nT  South 
21:00  430 26.3 
22:00  431 21.3 
23:00  444 23.4 
Mar 31st 2001  0:00  567 40.9  1.2nT  North 
1:00  648 14 
2:00  725 24.9 
3:00  769 52.7 
4:00  713 52.2 
5:00  738 17.4 
6:00  705 18 
7:00  676 23.5 
8:00  603 20.8 
9:00  597 18.2 44 
 
10:00  626 21.5 
11:00  642 24.5 
12:00  651 18.4 
13:00  638 14.1 
14:00  613 9.8 
15:00  612 4.4 
16:00  613 13.4 
17:00  577 19.6 
18:00  565 10.7 
19:00  531 17.1 
20:00  457 14.7 
21:00  551 10.1 
22:00  736 13.4 
 
G. Islands 
50mb 20mb  10mb 
Average (before)  1.25 7.05  10.31 
Day of Event  1.27 6.94  10.15 
Average (after)  1.29 7.16  10.02 
Difference %  3.2 1.56028369 -2.8128031 
Boulder 
50mb 20mb  10mb 
Average (before)  3.02 5.06 8.01 
Day of Event  2.05 6.23 9.16 
Average (after)  2.23 5.76 8.72 
Difference %  -26.1589404 13.8339921  8.8639201 
Arctic Circle 
50mb 20mb  10mb 
Average (before)  4.06 5.09 5.86 
Day of Event  3.93 5.14 6.18 
Average (after)  3.71 4.75 5.78 
Difference %  -8.620689655 -6.67976424 -1.36518771 
Antarctic Circle 
50mb 20mb  10mb 
Average (before)  2.47 3.25 3.75 
Day of Event  2.74 3.97 4.51 
Average (after)  2.48 2.86 3.79 
Difference %  0.4048583 -12  1.06666667 
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Table 5a, 5b 
 
CME 2   
Date  Time  Velocity (km/s) Proton Density (#/cm^3)
Interplanetary 
Magnetic Field 
Nov 5th 2001  5:00  384 10  14.9nT  South 
6:00  393 12.6 
7:00  379 15 
8:00  377 12.4 
9:00  377 12.8 
10:00  401 25.9 
11:00  363 35.2 
12:00  369 38.9 
13:00  366 51.6 
14:00  399 33.4 
15:00  402 27.2 
16:00  417 24.3 
17:00  431 29.9 
18:00  448 24.4 
19:00  464 17.2 
20:00  476 11 
21:00  464 14.5 
22:00  461 16.5 
23:00  474 11.9 
Nov 6th 2001  0:00  486 10.2  11.9nT  South 
1:00  599 26.7 
2:00  629 21.8 
3:00  661 23.8 
4:00  701 19.7 
5:00  677 19.6 
6:00  745 18.7 
7:00  721 15 
8:00  692 19.1 
9:00  705 8.6 
10:00  685 10.8 
 
G. Islands 
50mb 20mb  10mb 
Average (before)  1.42 7.28  10.11 
Day of Event  1.38 7.33  10.19 
Average (after)  1.43 7.38  10.26 
Difference %  0.704225352 1.37362637 1.48367953 
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Boulder 
50mb 20mb  10mb 
Average (before)  2.22 5.69  6.7 
Day of Event  - - - 
Average (after)  2 5.46  7 
Difference %  -9.90990991 -4.04217926  4.47761194 
Arctic Circle 
50mb 20mb  10mb 
Average (before)  2.46 3.64 3.87 
Day of Event  2.39 3.42 3.26 
Average (after)  2.36 3.25  3.2 
Difference %  -4.06504065 -10.7142857 -17.3126615 
 
 Antarctic  Circle 
50mb 20mb  10mb 
Average (before)  0.78 3.14 5.63 
Day of Event  0.7 3.34 5.64 
Average (after)  0.87 3.41 5.32 
Difference %  11.53846154 8.59872611 -5.5062167 
 
 
 
Table 6a, 6b 
 
CME 3   
Date  Time  Velocity (km/s) Proton Density (#/mm) 
Interplanetary 
Magnetic Field 
Nov 24th 2001  5:00  640 18.3  10.5nT  South 
6:00  891 46.6 
7:00  922 42.6 
8:00  878 53.2 
9:00  842 19.4 
10:00  767 28.1 
11:00  827 38 
12:00  842 16 
13:00  984 19.8 
14:00  1003 10.8 
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50mb 20mb  10mb 
Average (before)  1.43 7.35  10.03 
Day of Event  1.43 7.37  10.12 
Average (after)  1.43 7.35  10.04 
Difference %  0 0  0.0997009 
Boulder 
50mb 20mb  10mb 
Average (before)  2.27 5.73  6.79 
Day of Event  - -  - 
Average (after)  2.73 5.27  5.99 
Difference %  20.26431718 -8.02792321  -11.7820324 
 
 
Arctic Circle 
50mb 20mb  10mb 
Average (before)  2.26 3.47  3.92 
Day of Event  2.27 4.02  4.76 
Average (after)  2.61 4.3  4.75 
Difference %  15.48672566 23.9193084  21.1734694 
Antarctic Circle 
50mb 20mb  10mb 
Average (before)  1.32 4.34  4.92 
Day of Event  1.62 4.83  5.18 
Average (after)  2.44 5.47  5.48 
Difference %  84.84848485 26.0368664  11.3821138 
 
 
Table 7a, 7b 
 
CME 4   
Date  Time  Velocity (km/s) Proton Density (#/mm) 
Interplanetary 
Magnetic Field 
May 29th 2003  14:00  605 10  2.3nT  South 
15:00  626 17.8 
16:00  616 16.3 
17:00  631 9.1 
18:00  678 19.2 
19:00  755 37.7 
20:00  750 51 
21:00  728 51.6 
22:00  717 51.8 
23:00  702 45.1 
May 30th 2003  0:00  708 39.5  .2nT  North 48 
 
1:00  694 27.6 
2:00  645 24.5 
3:00  663 29.1 
4:00  651 22.4 
5:00  657 18.6 
6:00  628 19.8 
7:00  612 14.5 
8:00  591 12.6 
9:00  574 13.8 
10:00  575 17.1 
11:00  565 10.6 
 
 
  G .Islands 
50mb 20mb  10mb 
Average (before)  1.27 7.25  9.87 
Day of Event  - -  - 
Average (after)  1.23 7.1  9.8 
Difference %  -3.149606299 -2.06896552  -0.70921986 
Boulder 
50mb 20mb  10mb 
Average (before)  2.27 6.16  9.1 
Day of Event  1.76 5.96  9.17 
Average (after)  2.16 5.88  9.01 
Difference %  -4.845814978 -4.54545455  -0.98901099 
Arctic Circle 
50mb 20mb  10mb 
Average (before)  2.87 3.95  5.64 
Day of Event  2.89 3.95  5.68 
Average (after)  2.75 4.01  5.83 
Difference %  -4.181184669 1.51898734  3.36879433 
Antarctic Circle 
50mb 20mb  10mb 
Average (before)  2.59 4.03  4.3 
Day of Event  2.39 3.81  4.06 
Average (after)  2.56 4.16  4.39 
Difference %  -1.158301158 3.22580645  2.09302326 
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Table 8a, 8b 
 
Solar Wind Event 1   
Date  Time  Velocity (km/s) Proton Density (#/mm) 
Interplanetary 
Magnetic Field 
May 21st 2001  18:00  321 10  1nT  South 
19:00  308 15.4 
20:00  320 18 
21:00  322 19.9 
22:00  321 20.8 
23:00  303 18.7 
May22nd 2001  0:00  309 18  5.7nT  South 
1:00  311 16.6 
2:00  314 12.9 
3:00  314 11.9 
4:00  312 14.7 
5:00  307 16.9 
6:00  302 17 
7:00  292 18.2 
8:00  294 18.2 
9:00  314 18.4 
10:00  315 14.6 
11:00  313 16.3 
12:00  314 17.7 
13:00  310 19.4 
14:00  313 23.6 
15:00  310 21.3 
16:00  309 20.7 
17:00  309 24 
18:00  307 28.5 
19:00  306 25.9 
20:00  321 21.9 
21:00  311 21.1 
22:00  303 24.6 
23:00  311 33.2 
May 23rd 2001  0:00  314 32.2  6.9nT  South 
1:00  321 30.3 
2:00  332 34.4 
3:00  336 18.5 
4:00  336 22.1 
5:00  364 15.7 
6:00  383 16.3 
7:00  385 13.4 50 
 
8:00  397 13.9 
9:00  415 12.2 
10:00  415 11.4 
11:00  404 13.5 
12:00  411 12 
13:00  419 11.5 
14:00  420 11.7 
15:00  430 11.4 
16:00  435 9.7 
17:00  431 10.4 
 
 
 
G. Islands 
50mb 20mb  10mb 
Average (before)  1.27 7.03  9.48 
Day of Event  1.14 7.01  9.84 
Average (after)  1.23 6.99 9.7 
Difference %  -3.149606299 -0.56899004 2.32067511 
Boulder 
50mb 20mb  10mb 
Average (before)  2.29 6.22  9.13 
Day of Event  2.74 6.34  8.74 
Average (after)  2.74 6.14 8.9 
Difference %  19.65065502 -1.28617363  -2.51916758 
Arctic Circle 
50mb 20mb  10mb 
Average (before)  2.77 4.42  6.02 
Day of Event  2.77 4.47  5.96 
Average (after)  2.95 4.39  5.78 
Difference %  6.498194946 -0.67873303  -3.98671096 
 
 Antarctic  Circle 
50mb 20mb  10mb 
Average (before)  3 4.38  4.61 
Day of Event  2.83 4.08  4.38 
Average (after)  2.59 3.95  4.31 
Difference %  -13.66666667 -9.8173516  -6.50759219 
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Table 9a, 9b 
 
Solar Wind Event 2   
Date  Time  Velocity (km/s) Proton Density (#/mm) 
Interplanetary 
Magnetic Field 
July 29th 2001  18:00  333 10.8  2.8nT  North 
19:00  329 14.7 
20:00  328 14.9 
21:00  327 12.9 
22:00  324 17.6 
23:00  330 15.1 
July 30th 2001  0:00  319 14.8  5.4nT  North 
1:00  312 13.2 
2:00  310 12.8 
3:00  309 12.3 
4:00  310 11.7 
5:00  317 14.6 
6:00  315 14.8 
7:00  318 15.7 
8:00  317 17.1 
9:00  315 16.1 
10:00  314 19.4 
11:00  312 19 
12:00  309 16 
13:00  309 15.6 
14:00  307 16.6 
15:00  308 17.6 
16:00  309 17.6 
17:00  308 18.9 
18:00  308 18.7 
19:00  312 14.4 
20:00  316 16.6 
21:00  323 16.4 
22:00  327 16.9 
23:00  329 22.8 
July 31st 2001  0:00  338 28.4  1.2nT  North 
1:00  344 33 
2:00  355 41.1 
3:00  373 47.3 
4:00  390 26.4 
5:00  388 24.1 
6:00  390 21.4 
7:00  387 20.7 52 
 
8:00  392 18.5 
9:00  400 19.6 
10:00  424 19.6 
11:00  441 19.8 
12:00  457 22.5 
13:00  459 18.2 
14:00  482 16.7 
15:00  503 13 
16:00  516 11 
17:00  534 10 
 
G. Islands 
50mb 20mb  10mb 
Average (before)  1.47 7.42  9.47 
Day of Event  1.39 7.26  9.66 
Average (after)  1.43 7.34  9.53 
Difference %  -2.721088435 -1.07816712  0.63357973 
Boulder 
50mb 20mb  10mb 
Average (before)  2.15 6.49  8.91 
Day of Event  2.09 6.63  8.91 
Average (after)  2.05 6.38  8.79 
Difference %  -4.651162791 -1.69491525  -1.34680135 
Arctic Circle 
50mb 20mb  10mb 
Average (before)  2.63 3.94  5.93 
Day of Event  2.42 3.87  5.76 
Average (after)  2.67 4.24  5.99 
Difference %  1.520912548 7.6142132  1.01180438 
 
 
 Antarctic  Circle 
50mb 20mb  10mb 
Average (before)  2.94 3.89  4.23 
Day of Event  2.86 3.65  4.08 
Average (after)  3.05 3.88  4.32 
Difference %  3.741496599 -0.25706941  2.12765957 
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Solar Wind Event 3   
Date  Time  Velocity (km/s) Proton Density (#/mm)
Interplanetary 
Magnetic Field 
Sept 29th 2002  14:00  317 11.4  1nT  South 
15:00  297 12.8 
16:00  295 15.6 
17:00  300 14.2 
18:00  298 17.6 
19:00  300 16.7 
20:00  296 19.8 
21:00  288 21.1 
22:00  289 21.8 
23:00  302 26.3 
Sept 30th 2002  0:00  300 23  24.3nT  North 
1:00  307 20 
2:00  305 22.9 
3:00  308 29.4 
4:00  296 19.5 
5:00  296 13.9 
6:00  292 14.2 
7:00  332 29.3 
8:00  338 16.7 
9:00  352 30 
10:00  355 44.7 
11:00  345 30.4 
12:00  344 28.6 
13:00  345 33.4 
14:00  344 35.5 
15:00  345 37.3 
16:00  342 31.5 
17:00  352 32.6 
18:00  355 35.4 
19:00  358 47 
20:00  359 29.6 
21:00  357 7.2 
22:00  351 3.6 
23:00  363 5.3 
Oct 1st 2002  0:00  367 12  6.4nT  South 
1:00  362 14.6 
2:00  363 14.3 
3:00  379 16.1 
4:00  375 15.2 
5:00  372 16.2 54 
 
6:00  369 11.7 
7:00  373 11.8 
8:00  388 11.8 
9:00  395 11.9 
10:00  405 9.9 
11:00  416 9.3 
12:00  416 12.3 
13:00  426 17.7 
14:00  402 17.8 
15:00  395 20.3 
16:00  393 23.6 
17:00  400 23.4 
18:00  401 24.1 
19:00  380 17.4 
20:00  371 15.6 
21:00  386 25.1 
22:00  388 23.7 
23:00  391 25 
Oct 2nd 2002  0:00  381 22.6  6.6nT  South 
1:00  377 24.3 
2:00  382 22 
3:00  375 15.2 
4:00  360 14.8 
5:00  386 18.9 
6:00  409 14 
7:00  418 11.8 
 
 
 
 
  G. Islands 
50mb 20mb  10mb 
Average (before)  1.34 6.72  11.15 
Day of Event  - -  - 
Average (after)  1.24 6.91  11.37 
Difference %  -7.462686567 2.82738095  1.97309417 
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50mb 20mb  10mb 
Average (before)  2.22 5.96  8.21 
Day of Event  2.05 5.78  8.21 
Average (after)  1.94 5.65  8.08 
Difference %  -12.61261261 -5.20134228  -1.58343484 
Arctic Circle 
50mb 20mb  10mb 
Average (before)  2.41 2.81  3.54 
Day of Event  2.62 3.30  3.45 
Average (after)  2.47 3.82  4.11 
Difference %  2.489626556 17.4377224  16.1016949 
Antarctic Circle 
50mb 20mb  10mb 
Average (before)  1.71 4.51  6.73 
Day of Event  1.65 5.19  7.29 
Average (after)  1.29 3.74  6.04 
Difference %  -24.56140351 -17.0731707  -10.2526003 
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